ABSTRACT The feeding value of extruded and nonextruded wheat and corn distillers dried grains with solubles (DDGS) for broilers was evaluated in 2 experiments. In experiment 1, male broilers (n = 360) housed in battery cages were fed assay diets that included either 15 or 30% wheat or corn DDGS (extruded or not) in relation to a basal diet from d 21 to 28. Birds were killed on d 28 and ileal digesta was collected to establish the apparent ileal digestibility (AID) coefficients of energy and nutrients for test ingredients using the difference method based on 5 cages of 8 birds per diet. In experiment 2, a 42-d study compared the growth performance of broilers fed phase diets including 0, 5, or 10% wheat or corn DDGS, based on 4 pens of 55 birds per diet × sex combination. Diets within phase were formulated to have a similar content of AME, CP, and digestible lysine. Breast meat weight and yield were determined on d 37 by sampling 5 birds per pen. In experiment 1, at 15% inclusion, AID coefficients of most amino acids were higher for corn DDGS than for wheat DDGS (P < 0.05). At 30% inclusion, however, there were fewer differences in AID between corn and wheat DDGS. Twin-screw extrusion increased the AID of AA in both corn and wheat DDGS by 10 to 34% (P < 0.05). In experiment 2, there was no adverse effect of including corn or wheat DDGS at up to 10% of the diet on pen average daily weight gain, feed disappearance, feed efficiency, breast meat weight, or yield.
INTRODUCTION
The major co-product of fuel ethanol production is distillers dried grains with solubles (DDGS), which is a dried mixture of the solid and condensed liquid fermentation residues (Rausch and Belyea, 2006) . The near complete depletion of starch during fermentation concentrates other components of the native grain such as protein, fat, minerals, and fiber in the DDGS. Increased protein, fat, and digestible phosphorus content make DDGS an attractive, cost-competitive ingredient for least-cost poultry feed formulations. The prospect of an ample supply of DDGS resulting from expanded ethanol production for blended gasolines therefore presents an opportunity for producers to reduce feed cost, the largest single cost of chicken meat production.
One of the main factors that limit the feeding value of DDGS for nonruminant animals is the increased content of nonstarch polysaccharides (NSP). High NSP in feedstuffs reduce feeding value through several mechanisms, which include acting as a diluent, impeding nutrient digestion through increasing digesta viscosity, and possibly acting as a physical barrier to interactions between digestive enzymes and nutrients (Theander et al., 1989) . The antinutritional effects of NSP constrain the maximum inclusion of DDGS in practical poultry diets to 15% (Thacker and Widyaratne, 2007; Wang et al., 2007a Wang et al., ,b,c, 2008 .
Subject to cost, extrusion is a processing technology that could increase nutrient digestibility of DDGS for young broilers. This increase in nutrient digestibility could occur through physical disruption of cell walls and cleavage of NSP into smaller fragments, thereby substantially reducing their antinutritive effect (Meng et al., 2005) . Extrusion could also increase digestibility of particular nutrients in DDGS, such as protein, through altering their structure, function, or chemical characteristics (Camire, 1991) .
Although corn is the major feedstock for ethanol production in the United States, wheat is used extensively in European and Canadian grain-based ethanol production. In Canada, 35% of grain-based ethanol production uses wheat grain as a feedstock, whereas the remaining 65% is based on corn grain (Canadian Renewable Fuels Association, 2009) . Although the suitability of corn DDGS as a nonruminant feedstuff has been extensively studied in recent years, comparatively little is known about wheat DDGS or the potential for processing technologies, such as extrusion, to increase the feeding value of DDGS for broilers.
We hypothesized that twin-screw extrusion would increase the nutrient digestibility of corn and wheat DDGS for broilers. We further hypothesized that broilers fed diets including corn and wheat DDGS and formulated on a digestible nutrient basis would perform and have breast meat yield similar to broilers fed a wheat-soybean meal diet. The objective of our first experiment was therefore to establish the energy and nutrient digestibility coefficients for extruded and nonextruded corn and wheat DDGS. The objective of our second experiment was to determine whether 5 or 10% dietary inclusion of corn or wheat DDGS would adversely affect broiler performance or breast meat yield.
MATERIALS AND METHODS
Trial protocols and procedures were approved by the University of Alberta's Animal Care and Use Committee for Livestock and followed principles established by the Canadian Council on Animal Care (2009).
Experiment 1: Digestibility
Test Ingredients and Extrusion Processing. The wheat DDGS was sourced from Husky Energy (Lloydminster, Saskatchewan, Canada). The corn DDGS originated from the United States and was purchased from a commercial feed mill (Unifeed, Edmonton, Alberta, Canada). To standardize particle size before extrusion, the materials were ground using a hammer mill (Jacobson Series 1 P160, Carter Day International Inc., Minneapolis, MN) through a 5-mm screen. Twinscrew extrusion was conducted at the Extrusion Pilot Plant, Food Science and Technology Centre, Alberta Agriculture and Rural Development (Brooks, Alberta, Canada).
The twin-screw, co-rotating, intermeshing extruder model ZSK-57 (Werner & Pfleiderer, Ramsey, NJ) had a 57-mm barrel diameter and 26:1 length:diameter ratio. The extruder was powered by a 36.6-kW motor with speeds variable from 0 to 350 rpm; the maximum screw speed (350 rpm) was used. The element configuration of the screws is shown in Figure 1 . The extruder had a torque indicator, which showed percentage of torque in proportion to the current drawn by the drive motor. The extruder barrel consisted of 8 segments grouped into 3 zones (Figure 1 ). The barrel temperature was independently controlled by a Mokon oil heater in each zone and monitored at 5 positions along the barrel. Temperatures at zones I, II, and III were set to 76, 135, and 112°C, respectively. The DDGS were metered into the feed section of the extruder with a twin-screw volumetric feeder (T-35, K-Tron Corp., Pitman, NJ). Water was injected into the feed section of the extruder immediately after the feed port using a triple-action piston pump (P33, Bran and Lubbe, Delavan, WI). Both the feeder and the pump were calibrated before the extrusion runs to determine the set points required for desired mass flow rates of the feed and water, respectively. The mass flow rate was kept constant at 136.4 kg/h for the DDGS and 10.2 (wheat DDGS) and 20.9 kg/h (corn DDGS) for water. The die was fitted with 2 circular inserts, each of 6 mm in diameter. Wheat and corn DDGS used 0.080 and 0.074 kW·h of mechanical energy, respectively, per kilogram of extrudate produced. The extrudates were conveyed after to a direct gas-fired fluidized bed dryer (model QAD/C, Carrier Vibrating Equipment Inc., Louisville, KY) for a 1-pass drying and cooling.
The DDGS extrudate pellets were broken down using a hammer mill (Jacobson Series 1 P160, Carter Day International Inc.) and passed through a 9-mm hammer mill screen to achieve consistent particle size for diet mixing. All diets included an enzyme complex (Canadian Bio-Systems, Calgary, Alberta, Canada) that provided 150 U of xylanase, 125 U of glucanase, 4,000 U of amylase, 1,750 U of protease, and 5,000 U of invertase activity per kilogram of mixed feed when included at 0.05% of the diet.
Diet Formulation and Assay Diets. A basal diet and 8 assay diets containing 15 or 30% extruded or nonextruded corn or wheat DDGS were formulated (Table 1 ). The basal diet was formulated to provide 20% CP, 3,150 kcal of AME/kg, 1.1% lysine, 0.8% methionine + cysteine, 0.9% calcium, and 0.45% available phosphorus and met or exceeded NRC (1994) requirements for all other nutrients. Celite 281 (World Minerals Inc., Santa Barbara, CA) was added to basal and test diets as an indigestible marker to permit calculation of nutrient digestibility. The concentrate used in all assay diets, which consisted of all ingredients in the test diet other than the test ingredient and the balance of ground wheat, was mixed at the University Feed Mill (University of Alberta, Edmonton, Canada). Assay diets were then produced at the Poultry Research and Technology Centre (University of Alberta) by mixing amounts of the concentrate, DDGS (corn or wheat, extruded or not), and ground wheat in an orbital bakery mixer (model H-600, Hobart Corp., Troy, OH).
Birds and Experimental Management. On the day of hatching, 360 male Ross × Ross 308 chicks (Lilydale 
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Hatcheries, Edmonton, Alberta, Canada) were brought to the Poultry Research and Technology Centre and were distributed among 45 cages in test batteries (Specht Ten Elsen GmbH & Co., Sonsbeck am Niederrhein, Germany), resulting in 8 chicks per cage. Chicks had free access to a standard chick starter diet formulated to provide 23% CP, 3,050 kcal of AME/kg, 1.35% lysine, 1.0% methionine + cysteine, 1.1% calcium, and 0.5% available phosphorus from d 0 to 14 and the basal diet (Table 1 ) from d 14 to 21. On d 21, cages were divided into 5 blocks of 9 cages each, based on their location within the test room. The 9 dietary treatments were randomly assigned to cages within each block for a total of 5 replicate cages per treatment in a randomized complete block design. Cage served as the experimental unit for this experiment. During the test period (d 21 to 28), water consumption and feed disappearance were monitored to ensure that birds had continuous access to feed and water and to document cage feed disappearance or refusal.
On d 28, birds in each cage were counted, weighed as a group, and then killed by cervical dislocation. The section of the small intestine spanning the vitelline (Meckel's) diverticulum to 3 cm proximal to the ileocecal junction was promptly excised and ileal digesta collected by gently squeezing the contents from the section into labeled plastic bags. Digesta from birds in each cage was pooled to produce a single specimen for each cage and was frozen.
The weight and number of birds in each cage were measured on d 21 and 28. Feed disappearance (corrected for mortality) over d 21 to 28 was determined to confirm similar intake against the basal diet.
Chemical Analysis. Ingredients, assay diets, and lyophilized digesta specimens were ground in a centrifugal mill (model ZM 200, Retsch GmbH, Haan, Germany) Calculations. Apparent ileal digestibility (AID) of energy of a nutrient in an assay diet was established using the percentage of AIA and nutrient in digesta and the corresponding assay diet using the following equation:
The difference method was then used to calculate the AID of nutrients in DDGS test ingredients. The difference method involves measuring digestibility in the basal diet and then comparing assay diets in which a single test ingredient displaces a known percentage of the basal diet (Mosenthin et al., 2007) . In the present study, test ingredients only substituted wheat grain in the diet. Assuming no interactions between the test ingredient, wheat, and the balance of ingredients in the assay diet, the relative contributions from each toward observed nutrient digestibility coefficients in the assay diets can be described as:
where D assay is the observed digestibility of a nutrient in an assay diet, D conc is the digestibility of a nutrient in the concentrate, RC conc is the relative contribution of the concentrate to the level of a nutrient in the assay diet, D test is the digestibility of a nutrient in the test ingredient, RC test is the relative contribution of the test ingredient to the level of a nutrient in the assay diet, D wheat is the digestibility of a nutrient in wheat grain, and RC wheat is the relative contribution of wheat grain to the level of a nutrient in the assay diet. By rearranging the first equation to solve for D test :
To estimate nutrient digestibility in the DDGS test ingredients in the present study, we used the AID coefficients for nutrients in wheat grain derived from recently published literature (Table 2) .
Experiment 2: Performance Study
Diets and Experimental Design. The effect of feeding 5 or 10% inclusions of corn and wheat DDGS on broiler growth performance and breast meat yield was compared with controls fed a wheat-soybean mealbased diet (Table 3 ). The study was divided into three 2-wk growth phases with separate sets of diets formulated to meet the changing requirements of the birds. Diets were formulated based on a digestible nutrient basis using AID coefficients for AA and GE determined in experiment 1 to contain similar levels of AME (3.05, 3.15, and 3.20 Mcal/kg), digestible lysine (1.27, 1.10, and 0.97%), digestible methionine + cysteine (0.94, 0.84, and 0.76%), calcium (1.05, 0.90, and 0.85%), and available phosphorus (0.50, 0.45, and 0.42%) in each phase (d 0 to 14, d 14 to 28, and d 28 to 42, respectively). Dietary regimens for each pen were kept constant across all periods. Extruded DDGS (Table 4) was used in starter diets (d 0 to 14) to meet digestible nutrient targets in test diets for young birds. Nonextruded DDGS (Table 4 ) was used in grower (d 14 to 28) and finisher (d 28 to 42) diets for older birds as it would likely occur in commercial practice.
Test pens (n = 40) were divided into 4 blocks based on location within the experimental room. Dietary treatments were randomly assigned to pens of each sex within block for 4 replicate pens per diet × sex combination in a randomized complete block design with pen as the experimental unit.
Experimental Management. Male and female Ross × Ross 308 broiler chicks (Lilydale Hatcheries) were brought to the Poultry Research and Technology Centre (University of Alberta) on the day of hatching. Upon arrival, 55 chicks were allotted to each single-sex floor pen. Pens measured 1.64 × 2.05 m and the solid concrete floor was covered with softwood shavings. Each pen was equipped with a single adjustable-height tube feeder suspended from the ceiling and adjustable nipple-type drinkers connected to a central water line. Feed and water were also offered to chicks upon arrival and for 3 d from a floor-level long trough (61 × 7.5 cm) equipped with hoops to prevent chicks from standing on feed and self-filling bowl drinkers (2 per pen), respectively. Birds had continuous free access to water and the assigned diet regimen upon arrival and for the duration of the experiment.
Room temperature, light intensity, and photoperiod were controlled by automated timers and controllers but were checked twice daily by study personnel to ensure conformity with recommendations in the Ross 308 Production Guide (Aviagen, Hunstville, AL). Water consumption, feed disappearance, and health were monitored twice daily to ensure that birds had ad libitum access to feed and water, to remove mortalities, and to identify possible health concerns. On d 3 of the study, 5 birds in each pen were randomly selected and received colored, nonremovable neck tags with barcodes for individual identification. Tagged birds were designated as the representative sampling units for each pen for breast meat weight and yield measurements so as to eliminate sampling bias on sampling day (d 37). The remaining birds were sent for slaughter to a local commercial processor at the conclusion of the study on d 42.
Measurements and Calculations. Birds were weighed as pen groups on d 0, 7, 14, 21, 28, 35, and 42. On weigh days, feeders were weighed and weekly feed disappearance calculated by difference between feed added during the week and residual feed remaining. These measures were then used to calculate ADG (g/ bird), ADFI (g/bird), and G:F (g:g).
On d 37, tagged birds were removed from each pen to determine breast meat weight and yield. Birds were first killed by cervical dislocation and were then weighed intact. The pectoralis thoracis and supracoracoideus muscles were dissected and weighed. Breast meat yield (% of live BW) was calculated by dividing weight of breast meat by the weight of the intact bird.
Statistical Analysis
Energy and nutrient AID coefficients for experiment 1, growth performance, breast meat weight, and yield data for experiment 2 were all analyzed using the MIXED procedure of SAS (SAS Institute, Cary, NC).
In experiment 1, the AID coefficients for test ingredients were analyzed as a 2 × 2 × 2 factorial arrangement. The model included DDGS inclusion level (15 vs. 30%), extrusion of DDGS (extruded or not), DDGS type (corn or wheat), and 2-and 3-way interactions. Block was the random term in models. Intakes (in g/d per bird) of the nutrient concerned as well as intake of crude fiber, NDF, and NDF-ADF were tested as covariates.
In experiment 2, growth performance data were analyzed as repeated measures (Wang and Goonewardene, 2004) for overall performance and as single measures by period. The overall and period performance models included diet, sex, and the diet × sex interaction. Block (location within the test room) was the random term, phase period the repeated term in the overall model, and initial pen weight was tested as a covariate. The least significant difference method was used to identify statistically different treatment means. The model for breast weight and meat yield data included the main effects of diet, sex, and diet × sex interaction. Block was the random term, and live BW on sampling day (d 37) was tested as a covariate. The least significant difference method was used to identify statistically different means. The appropriate covariance structure for analysis of energy and nutrient digestibility coefficients (experiment 1), growth performance, and breast meat data (experiment 2) was selected based on minimization of the Bayesian information criterion for each model (Schwarz, 1978) .
RESULTS AND DISCUSSION

Experiment 1: Digestibility
With the exception of the assay diet containing 15% extruded wheat DDGS, ADFI was lower for diets containing DDGS compared with the basal diet (P < 0.05, Table 5 ). Despite differences in ADFI and analyzed nutrient content of assay diets, intake of fiber (expressed as crude fiber, ADF, NDF, and NDF-ADF) or the respective nutrient was not significant as covariates in the model for energy or any nutrient (P > 0.10).
Analysis of AID coefficients for test ingredients revealed significant 2-way interactions involving level of inclusion in statistical models for several nutrients. To simplify reporting and discussion, digestibility coefficients for DDGS and extrudates are therefore reported by inclusion level.
At 15% dietary DDGS inclusion, there was a significant interaction between DDGS type and extrusion for AID of GE, CP, and tryptophan in corn and wheat DDGS (P < 0.05, Table 6 ). The AID of GE and CP was similar between nonextruded corn and wheat DDGS but higher for extruded corn DDGS compared with extruded wheat DDGS (data not shown).
Nutrients in corn DDGS were more digestible than the same in wheat DDGS. Apparent ileal digestibility coefficients of arginine, histidine, isoleucine, leucine, and lysine were significantly higher (P < 0.05), and threonine and valine tended to be higher (P < 0.10) in corn DDGS compared with wheat DDGS.
At 15% dietary DDGS inclusion, extrusion of DDGS significantly increased the AID of AA (P < 0.05, Table  6 ). Extrusion increased the AID of essential AA by 10 to 20 percentage points, corresponding to increases of between 11 and 30%. The AID of lysine, threonine, valine, and arginine were most increased by extrusion, which resulted in increases of 31, 26, 23, and 21%, respectively (P < 0.05).
At 30% dietary DDGS inclusion, there were no interactions between DDGS type and extrusion for AID of energy and nutrients in DDGS (P > 0.10, Table   7 ). There were fewer differences in AID of nutrients between DDGS types at 30% compared with 15% dietary inclusion. At 30% dietary DDGS inclusion, AID of GE was higher for corn DDGS compared with wheat DDGS. At 30% dietary DDGS inclusion, however, AID of CP, phenylalanine, threonine, and tryptophan were higher for wheat DDGS compared with corn DDGS (P < 0.05). At 30% dietary DDGS inclusion, extrusion increased the AID of energy and all nutrients in DDGS. Increases for most nutrients ranged between 10 and 15% except for AID of lysine, which was increased by 34%, similar to the increase observed at the 15% dietary DDGS inclusion.
To our knowledge, this is the first direct comparison of nutrient digestibility in corn DDGS and wheat DDGS fed to broilers. The AID values obtained for nonextruded corn DDGS in the present study fit within ranges reported previously (Fastinger et al., 2006) . The AID coefficients for AA obtained for wheat DDGS in this study are generally within 5 percentage points of the range reported in 5 wheat DDGS samples by Bandegan et al. (2009) . The notable exception is lysine, for which AID coefficients determined in the present study were considerably higher than the 24 to 46% range previously reported (Bandegan et al., 2009 ). This fact illustrates the variability in nutrient digestibility in Western Canadian wheat DDGS fed to broilers, similar to what has been reported in broilers fed corn DDGS (Lumpkins et al., 2004) .
With some exceptions, the AID of most nutrients was similar between nonextruded corn and wheat DDGS when compared within inclusion level. This similarity suggests that digestibility coefficients established for corn DDGS could therefore be used by nutritionists intending to incorporate wheat DDGS into poultry diets formulated on a digestible nutrient content basis.
This study is the first to report a positive effect of extrusion on nutrient digestibility of either corn or wheat DDGS for broilers. At both 15 and 30% DDGS inclusion, extrusion had a consistently beneficial effect on enhancing AID of essential AA, in particular lysine in DDGS. We have also reported that single-screw extrusion of triticale DDGS increased the AID of GE, CP, methionine, tryptophan, branch-chain AA, and phenylalanine between 3 and 8 percentage units (Oryschak et al., 2010) . The heat generated during transit through an extruder denatures the 3-dimensional structure of proteins by disrupting disulfide bonds and shear forces can also cause feed proteins to dissociate into smaller subunits (Camire, 1991) . Although denaturation is generally believed to be the more influential of these changes , both would presumably increase exposure of enzyme-susceptible sites on the protein, thereby enhancing digestion (Camire, 1991) .
Extrusion may also increase nutrient digestibility through affecting physical and (or) functional changes in NSP, thereby reducing their antinutritional effect. During extrusion, the proportions of soluble and insoluble fibrous fractions shift toward increased solubil- Crude fiber, % Least squares means within a row lacking a common superscript differ (P < 0.05). Based on 5 cages of 8 birds per diet.
1 DDGS = distillers dried grains with solubles.
2 SEM 2.0 g/bird.
3 Nutrient content reported is based on analysis of a single diet sample.
ity (Dust et al., 2004) . This shift can be attributed to a reduction in the molecular weight of NSP that occurs during extrusion (Camire, 2001 ). Another possibility is that extrusion disproportionately increased digestibility of nutrients, in particular AA, in the solubles component relative to those in the distillers grain component of the DDGS. Distillers dried grains with solubles is often regarded as a cereal protein source but more accurately consists of both grain and yeast protein components (Belyea et al., 2004) . The production of DDGS involves combining solid fermentation residues, consisting primarily of wet distillers grains, with condensed liquid distillers residues, consisting primarily of yeast cells and other soluble components (Singh et al., 2001) .
The relative contributions of yeast and distillers grains to overall AA content in DDGS would be difficult to determine. Belyea et al. (2004) suggested that as much as 50% of the AA in several corn DDGS samples may be of yeast origin, based on the ratios of AA in DDGS and yeast. It is generally presumed that little of the grain protein is degraded during fermentation because the yeast species used in industrial ethanol production have no proteolytic activity (Ingledew, 1995) . Instead, nonprotein nitrogen sources such as urea are added during industrial fermentation to serve as a substrate in support of de novo yeast AA synthesis. In the absence of proteolytic activity, de novo AA synthesis by yeast during fermentation is a plausible explanation for the reported disparity in AA proportions in DDGS compared with native grains (Rausch and Belyea, 2006) .
It has been previously reported that the digestibility of AA in distillers solubles and DDGS is lower than in distillers dried grains for both poultry (MartinezAmezcua et al., 2007) and pigs (Pahm et al., 2008) . The disparity in AA digestibility among these ingredients suggests that microbial protein is less digestible than protein of feedstuff origin in nonruminants, which is similar to the assumption made in postruminal protein digestion in ruminants (NRC, 2001) .
Extrusion has been demonstrated to be an effective processing method for eliminating microbial contamination of biological materials (Said, 1996; Camire, 2001) . Table 6 . Effect of type of distillers dried grains with solubles (DDGS) and extrusion on the apparent ileal digestibility (AID) of energy and nutrients in DDGS fed to broilers at 15% dietary inclusion in experiment 1 It accomplishes this through high temperatures and pressures achieved during passage through the extruder, which cause intact cells in the material to rupture and expand upon leaving the extruder in response to the sudden decrease in pressure and temperature (Said, 1996) . Not only does extrusion eliminate viable microbial cells, it also presumably renders the cell contents more accessible and therefore susceptible to enzymatic digestion. The magnitude of the increase in AA digestibility in the present study, together with the likely contribution of microbial AA in the DDGS, suggests that extrusion of corn and wheat DDGS had a larger effect on the apparent digestibility of AA in the solubles than those contributed by the distillers grains.
Experiment 2: Performance
Initial BW was not significant (P > 0.10) as a covariate in statistical models for overall ADG, ADFI, or G:F. Body weight on d 37 was significant as a covariate for both breast meat weight and percentage yield (P < 0.05).
There were no interactions between dietary treatment and sex for overall performance, breast meat weight, or percentage yield (P > 0.05, Table 8 ). In the finisher phase (d 28 to 42), however, the diet × sex interaction was significant for both ADG and G:F (P < 0.05). These interactions were attributable to large differences in ADG among diets (control vs. 10% DDGS) for females but not for males, with no difference in ADFI between diets for either sex.
Diet did not affect end BW for any period or overall ADG, ADFI, or G:F (P > 0.05) of broilers but was significant in the finisher phase (d 28 to 42) models for ADFI and G:F. As mentioned previously, this was mainly attributed to sex. Intake of both 5% DDGS diets was similar to the 0% DDGS control (P > 0.10) but higher than either 10% DDGS diet (P < 0.05) in the finisher phase.
Expected differences in performance were observed between male and female broilers within phase (Table  8) . Although overall ADFI and ADG were not significantly different between males and females (P > 0.10), males tended to have higher overall G:F (P < 0.06) compared with females.
Previous studies have demonstrated the feasibility of feeding up to 20% corn DDGS to broilers with no effect on broiler performance (Lumpkins et al., 2004; Wang et al., 2008) . In contrast to these studies, diets in the present study used wheat rather than corn as the primary grain in the diet. Wheat was chosen for the present study to generate information on diet formulations other than those based on corn and to test whether alternative grain energy sources might limit dietary inclusion of DDGS. Soluble NSP content in wheat is higher relative to corn (Hetland et al., 2004) , and inclusion of DDGS would further increase total NSP content in the diet. Differences in NSP content raised the possibility that there may be differences in maximum practical inclusion levels of DDGS between wheat-and corn-based diets. Thacker and Widyaratne (2007) studied wheat DDGS inclusion in wheat-soybean meal diets for broilers. They found no adverse effect on performance at inclusion levels up to 20%. However, we formulated diets for the present study to meet recommended digestible nutrient levels rather than on a total content basis, which was the case in the Thacker and Widyaratne (2007) study. Formulating diets to meet digestible nutrient recommendations maximizes the economic benefit of using more variable alternative feedstuffs, such as DDGS (Rostagno and Pupa, 1995) , and minimizes excretion of surplus nutrients and associated environmental consequences (Leytem et al., 2008; Applegate et al., 2009) . Dietary inclusion of DDGS in performance study diets was limited to 10% due to the AID coefficients obtained for branched-chain AA in wheat DDGS in experiment 1.
The present study confirmed that 10% inclusion of wheat or corn DDGS in a broiler diet, formulated to meet digestible nutrient requirements, does not adversely affect bird performance.
There were no differences in breast meat weight or yield due to dietary treatment (P > 0.10; Table 8 ). Expected differences were observed between sexes for both breast muscle weight and yield. Breast muscle weight was 27 g heavier and yield was 1.3 percentage points or 7% greater for female broilers compared with male broilers (P < 0.05).
Alterations in the relative weight of digestive tract components have been reported in broilers fed highfiber ingredients (González-Alvarado et al., 2007) . These reports prompt concerns that DDGS inclusion in broiler diets could alter dressing percentage or the yield of certain primal carcass components, such as the breasts. Our results are consistent with previous studies that reported reduced dressing percentage and breast meat weight only when dietary inclusion of corn DDGS exceeded 20% (Lumpkins et al., 2004; Wang et al., 2007a Wang et al., ,b,c, 2008 ). Our findings demonstrate to processors that 10% inclusion of corn or wheat DDGS in wheat-based diets does not negatively affect the yield of high-value carcass components.
We have evaluated the effect of the enzyme complex on nutrient digestibility in diets containing triticale DDGS before (Oryschak et al., 2010) . We concede that the enzyme complex could have increased the AID of nutrients in diets and test ingredients. However, inclusion of enzyme(s) in diets is routine practice in commercial poultry meat production and thus justified the inclusion of the enzyme complex in the present experiments.
In conclusion, the AID coefficients of wheat DDGS were comparable to corn DDGS for most nutrients when fed to broilers at practical inclusion levels (i.e., 15%). Our results thus suggest that nutritionists can use established AID coefficients for corn DDGS as proxy for wheat DDGS when formulating broiler di- ORYSCHAK ET AL.
ets to meet recommended digestible nutrient contents. Extrusion substantially increased the AID of nutrients, in particular AA, in both corn and wheat DDGS fed to broilers. Extrusion would greatly increase the feeding value of DDGS for young birds in particular. Aside from benefits for nutrient digestibility, ethanol plants should consider extrusion as an alternative end step in the DDGS production stream to improve handling characteristics of the product, eliminate microbial contamination, and reduce the fossil fuel requirements for drying, which could increase the net CO 2 benefit of grain-based fuel ethanol. Our performance data further confirm that feeding broilers practical wheat-soybean meal diets with up to 10% corn or wheat DDGS does not adversely affect growth performance, feed efficiency, and breast meat weight or yield. Poultry nutritionists can therefore confidently reduce feed costs by including wheat or corn DDGS in practical diets at levels up to 10%.
